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(54) TRANSISTOR DEVICE

(57) A transistor device is provided that comprises a
semiconductor substrate having a first major surface, a
cell field and an edge termination region laterally sur-
rounding the cell field. The cell field comprises a plurality
of elongate trenches that extend from the first major sur-
face into the semiconductor substrate and that are posi-
tioned substantially parallel to one another such that one
or more inner elongate trenches are arranged between

two outermost elongate trenches and elongate mesas,
each elongate mesa being formed between neighbouring
elongate trenches. The elongate mesas comprise a drift
region, a body region on the drift region and a source
region on the body region. In top view one or both of the
outermost elongate trenches has a different contour from
the one or more inner elongate trenches.
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Description

BACKGROUND

[0001] Transistor devices used in power electronic ap-
plications are often fabricated with silicon (Si) semicon-
ductor materials. Common transistor devices for power
applications include Si CoolMOS®, Si Power MOSFETs,
and Si Insulated Gate Bipolar Transistors (IGBTs).
[0002] A transistor device for power applications may
be based on the charge compensation principle and may
include an active cell field including a plurality of trenches,
each including a field plate for charge compensation. In
some designs, the trenches and the mesas that are
formed between adjacent trenches each have an elon-
gate striped structure.
[0003] Typically, the active cell field of the transistor
device is laterally surrounded by an edge termination
structure which serves to avoid breakdown of the semi-
conductor device due to edge effects and to improve the
performance of the device. US 2017/0263718 A1 dis-
closes an edge termination structure surrounding a high-
voltage MOSFET for reducing a peak lateral electric field.
The edge termination structure includes a sequence of
annular trenches and annular mesas circumscribing the
high-voltage MOSFET, whereby each of the annular
trenches is laterally separated from the other annular
trenches by one of the annular semiconductor mesas.
[0004] However, further improvements would be de-
sirable to further improve the performance of transistor
devices, including MOSFET devices, to achieve a good
on state resistance (RDS(on)) and a higher breakdown
voltage.

SUMMARY

[0005] According to the invention, a transistor device
is provided that comprises a semiconductor substrate
having a first major surface, a cell field and an edge ter-
mination region laterally surrounding the cell field. The
cell field comprises a plurality of elongate trenches that
extend from the first major surface into the semiconductor
substrate and that are positioned substantially parallel to
one another such that one or more inner elongate trench-
es are arranged between two outermost elongate trench-
es. The cell field further comprises elongate mesas, each
elongate mesa being formed between neighbouring
elongate trenches. The elongate mesas comprise a drift
region, a body region on the drift region and a source
region on the body region. In top view one or both of the
outermost elongate trenches has a different contour from
the one or more inner elongate trenches.
[0006] In some embodiments, one or both of the out-
ermost trenches has an outer corner facing towards the
edge termination region and an inner corner facing to-
wards an inner elongate trench. The inner trenches have
first and second corners. In some embodiments, the out-
er corner of the outermost elongate trench has a different

contour from the first and second corners of the one or
more inner elongate trenches.
[0007] In some embodiments, one or both of the out-
ermost trenches is asymmetrical with respect to a line of
symmetry extending along the mid line of the length of
the outermost trench.
[0008] The outermost trenches each have two ends,
each end having an outer corner facing towards the edge
termination region and an inner corner facing towards an
inner elongate trench. The two outer corners may have
a different contour from the inner corners and/or have a
different contour from the first and second corners of the
one or more inner elongate trenches.
[0009] In some embodiments, the edge termination re-
gion comprises an edge trench that extends from the first
major surface into the semiconductor substrate and that
laterally surrounds the cell field. The edge trench com-
prises longitudinal trench portions and transverse trench
portions that extend between the longitudinal trench por-
tions such that an inner trench corner is formed at each
intersection between an inner side wall of one of the lon-
gitudinal trench portions and an inner side wall of one of
the transverse trench portions. An edge mesa is formed
between the edge trench and the cell field. The edge
mesa also surrounds the cell field and the plurality of
elongate trenches.
[0010] In some embodiments, the edge trench com-
prises two longitudinal trench portions and two trans-
verse trench portions that extend between the longitudi-
nal trench portions such that an inner trench corner is
formed at each intersection between an inner side wall
of the longitudinal trench portion and an inner side wall
of the transverse trench portion. In this embodiment, the
edge trench is substantially rectangular or square in plan
view. In other embodiments, the edge trench comprises
more than two longitudinal portions and more than two
transverse portions, for example so as to have an inden-
tation in plan view so that the edge trench extends later-
ally around two sides of a gate pad positioned in a corner
of the semiconductor substrate or laterally around three
sides of a gate pad that is positioned intermediate the
length of semiconductor substrate. More broadly, the
edge trench and the edge mesa both have a lateral con-
tinuous uninterrupted form and continuously and unin-
terruptedly laterally surround the cell field and the plural-
ity of elongate trenches. The lateral form of the edge
trench may be substantially concentric with the lateral
contour of the cell field.
[0011] In some embodiments, the inner trench corner
of the edge trench has a radius of curvature R that is
greater than the width W of the edge mesa measured
between the longitudinal trench portion and a longitudinal
side wall of the outermost elongate trench and/or the in-
ner trench corner of the edge trench has a radius of cur-
vature R that is greater than the width wm of the elongate
mesa.
[0012] In some embodiments, the inner trench corner
of the edge trench has a radius of curvature R that is at
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least 10% greater than the width W of the edge mesa
and, therefore, greater than any difference resulting from
process variations.
[0013] In an alternative embodiment, a transistor de-
vice is provided that comprises a semiconductor sub-
strate having a first major surface, a cell field and an edge
termination region laterally surrounding the cell field. The
cell field comprises a plurality of elongate trenches that
extend from the first major surface into the semiconductor
substrate and that are positioned substantially parallel to
one another such that one or more inner elongate trench-
es are arranged between two outermost elongate trench-
es. The cell field further comprises elongate mesas, each
mesa being formed between neighbouring elongate
trenches. The elongate mesas comprise a drift region, a
body region on the drift region and a source region on
the body region. The edge termination region comprises
an edge trench that extends from the first major surface
into the semiconductor substrate and that surrounds the
cell field, wherein the edge trench comprises longitudinal
trench portions and transverse trench portions that ex-
tend between the longitudinal trench portions such that
an inner trench corner is formed at each intersection be-
tween an inner side wall of the longitudinal trench portion
and an inner side wall of the transverse trench portion.
The inner trench corner of the edge trench has a radius
of curvature R and an edge mesa is formed between the
edge trench and the cell field. One or both of the outer-
most elongate trenches has an outer corner facing to-
wards the edge termination region and an inner corner
facing towards an inner elongate trench. A difference be-
tween a width W1 of the edge mesa measured between
the inner corner of the edge trench and the outer corner
of the outermost elongate trench and a width W of the
edge mesa measured between the longitudinal trench
portion and a longitudinal side wall of the outermost elon-
gate trench is less than 10%.
[0014] In a further implementation of this embodiment,
in top view one or both of the outermost elongate trenches
has a different contour from the inner elongate trenches.
[0015] In a further implementation of this embodiment,
the edge termination region comprises an edge trench
that extends from the first major surface into the semi-
conductor substrate and that laterally surrounds the cell
field. The edge trench comprises longitudinal trench por-
tions and transverse trench portions that extend between
the longitudinal trench portions such that an inner trench
corner is formed at each intersection between an inner
side wall of one of the longitudinal trench portions and
an inner side wall of one of the transverse trench portions.
An edge mesa is formed between the edge trench and
the cell field. The edge mesa also surrounds the cell field
and the plurality of elongate trenches.
[0016] In some embodiments, the edge trench com-
prises two longitudinal trench portions and two trans-
verse trench portions that extend between the longitudi-
nal trench portions such that an inner trench corner is
formed at each intersection between an inner side wall

of the longitudinal trench portion and an inner side wall
of the transverse trench portion. In this embodiment, the
edge trench is substantially rectangular or square in plan
view. In other embodiments, the edge trench comprises
more than two longitudinal portions and more than two
transverse portions, for example so as to have an inden-
tation in plan view so that the edge trench extends later-
ally around two sides of a gate pad positioned in a corner
of the semiconductor substrate or laterally around three
sides of a gate pad that is positioned intermediate the
length of semiconductor substrate. More broadly, the
edge trench and the edge mesa both have a lateral con-
tinuous uninterrupted form and continuously and unin-
terruptedly laterally surround the cell field and the plural-
ity of elongate trenches. The lateral form of the edge
trench may be substantially concentric with the lateral
contour of the cell field.
[0017] In some embodiments, the outermost elongate
trench has an outer corner facing towards the edge ter-
mination region and an inner corner facing towards an
inner elongate trench, wherein the outer corner and the
inner corner have a differing radius of curvature.
[0018] In some embodiments, the radius of curvature
differs by at least 10% and by a greater amount than that
resulting from processing variations.
[0019] In some embodiments, the outer corner of the
outermost elongate trench has a radius of curvature R1
that is greater than a radius of curvature R2 of the inner
corner.
[0020] In some embodiments, the radius of curvature
R1 is at least 10% greater than R2 and differs by a greater
amount than that resulting from processing variations.
[0021] In some embodiments, in plan view the corners
of the inner elongate trenches have substantially the
same radius of curvature, R3. In some embodiments, R3
varies by less than 5%.
[0022] In some embodiments, R1 > R3. In some em-
bodiments, the difference between R1 and R3 is at least
10% and differs by a greater amount than that resulting
from processing variations.
[0023] In some embodiments, R1 > R2 > R3. In some
embodiments, the difference between R1 and R2 and be-
tween R2 and R3 is at least 10% and differs by a greater
amount than that resulting from processing variations.
[0024] In some embodiments, the radius of curvature
R of the inner trench corner of the edge trench is at least
1 mm.
[0025] In some embodiments, the width W of the edge
mesa lies in the range of 0.1 mm and 2 mm and/or each
of the elongate trenches and the elongate mesas have
a width that lies in the range of 0.1 mm and 2 mm.
[0026] In some embodiments, the width W of the edge
mesa lies in the range of 0.2 mm and 2 mm and/or each
of the elongate trenches and the elongate mesas have
a width that lies in the range of 0.2 mm and 2 mm.
[0027] In some embodiments, the edge trench has a
depth dT and the radius of curvature R of the inner trench
corner of the edge trench is greater than the width W of
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the edge mesa at at least one position within the depth
of the edge trench.
[0028] In an embodiment, the position at which the ra-
dius of curvature R of the inner trench corner of the edge
trench is greater than the width W of the edge mesa is
dT/2.
[0029] In some embodiments, the radius of curvature
R of the inner trench corner of the edge trench is greater
than the width W of the edge mesa over the entire depth
dT of the edge trench.
[0030] In some embodiments, the transistor device fur-
ther comprises at least one further cell field arranged
laterally adjacent the cell field in the semiconductor sub-
strate, the further cell field being surrounded by a further
edge trench and a further edge mesa. The further cell
field, further edge trench and further edge mesa may
have the features of any one of the embodiments de-
scribed herein. Each of the cell fields of the transistor
device and its associated edge mesa and edge trench
may have the same structure and may have the arrange-
ment of any one of the embodiments described herein.
[0031] The transistor device may be a MOSFET or IG-
BT. The transistor device may include a trench gate or
planar gate structure.
[0032] In some embodiments, the transistor device fur-
ther comprises a field plate positioned in each elongate
trench or some of the elongate trenches within the cell
field.
[0033] In some embodiments, the transistor device fur-
ther comprises elongate gate trenches that extend par-
allel to the elongate trenches. One elongate gate trench
is positioned in some or all of the elongate mesas.
[0034] In other embodiments, the transistor device fur-
ther comprises a planar gate positioned on one or more
of the elongate mesas.
[0035] In some embodiments, the transistor device fur-
ther comprises a gate electrode positioned in each elon-
gate trench, or a gate electrode positioned in two or more
of the elongate gate trenches.
[0036] In some embodiments, the transistor device fur-
ther comprises a field plate positioned in some or all of
the elongate trenches and agate electrode arranged
above and electrically insulated from the field plate.
[0037] Those skilled in the art will recognize additional
features and advantages upon reading the following de-
tailed description, and upon viewing the accompanying
drawings.

BRIEF DESCRIPTION

[0038] The elements of the drawings are not neces-
sarily to scale relative to each other. Like reference nu-
merals designate corresponding similar parts. The fea-
tures of the various illustrated embodiments can be com-
bined unless they exclude each other. Exemplary em-
bodiments are depicted in the drawings and are detailed
in the description which follows.

Figure 1A illustrates a schematic plan view of a tran-
sistor device.

Figure 1B illustrates an enlarged view of a corner
region of the transistor device of figure 1A.

Figure 1C illustrates a schematic cross-sectional
view of the transistor device of figure 1A.

Figure 2 illustrates a schematic plan view of a portion
of a transistor device according to an embodiment.

Figure 3 illustrates a schematic plan view of a portion
of the transistor device according to an embodiment.

Figure 4 illustrates a schematic plan view of a portion
of a transistor device according to an embodiment

Figure 5 illustrates a perspective view of a portion of
a transistor device according to an embodiment.

Figure 6 illustrates a graph of breakdown voltage
calculated for different radii of curvature of a trench
in the edge termination region.

Figure 7 illustrates a schematic plan view of a portion
of a transistor device according to an embodiment
with two or more cell fields.

Figure 8A illustrates a schematic cross-sectional
view of a transistor device according to an embodi-
ment which has a planar gate structure.

Figure 8B illustrates a schematic cross-sectional
view of a transistor device according to an embodi-
ment which has a trench gate structure.

DETAILED DESCRIPTION

[0039] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof, and in which is shown by way of illustration
specific embodiments in which the invention may be
practiced. In this regard, directional terminology, such as
"top", "bottom", "front", "back", "leading", "trailing", etc.,
is used with reference to the orientation of the figure(s)
being described. Because components of the embodi-
ments can be positioned in a number of different orien-
tations, the directional terminology is used for purposes
of illustration and is in no way limiting. It is to be under-
stood that other embodiments may be utilized and struc-
tural or logical changes may be made without departing
from the scope of the present invention. The following
detailed description, thereof, is not to be taken in a limiting
sense, and the scope of the present invention is defined
by the appended claims.
[0040] A number of exemplary embodiments will be
explained below. In this case, identical structural features
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are identified by identical or similar reference symbols in
the figures. In the context of the present description, "lat-
eral" or "lateral direction" should be understood to mean
a direction or extent that runs generally parallel to the
lateral extent of a semiconductor material or semicon-
ductor carrier. The lateral direction thus extends gener-
ally parallel to these surfaces or sides. In contrast thereto,
the term "vertical" or "vertical direction" is understood to
mean a direction that runs generally perpendicular to
these surfaces or sides and thus to the lateral direction.
The vertical direction therefore runs in the thickness di-
rection of the semiconductor material or semiconductor
carrier.
[0041] As employed in this specification, when an el-
ement such as a layer, region or substrate is referred to
as being "on" or extending "onto" another element, it can
be directly on or extend directly onto the other element
or intervening elements may also be present. In contrast,
when an element is referred to as being "directly on" or
extending "directly onto" another element, there are no
intervening elements present.
[0042] As employed in this specification, when an el-
ement is referred to as being "connected" or "coupled"
to another element, it can be directly connected or cou-
pled to the other element or intervening elements may
be present. In contrast, when an element is referred to
as being "directly connected" or "directly coupled" to an-
other element, there are no intervening elements
present.
[0043] As used herein, various device types and/or
doped semiconductor regions may be identified as being
of n type or p type, but this is merely for convenience of
description and not intended to be limiting, and such iden-
tification may be replaced by the more general descrip-
tion of being of a "first conductivity type" or a "second,
opposite conductivity type" where the first type may be
either n or p type and the second type then is either p or
n type.
[0044] The Figures illustrate relative doping concen-
trations by indicating "-" or "+" next to the doping type "n"
or "p". For example, "n-" means a doping concentration
which is lower than the doping concentration of an "n"-
doping region while an "n+"-doping region has a higher
doping concentration than an "n"-doping region. Doping
regions of the same relative doping concentration do not
necessarily have the same absolute doping concentra-
tion. For example, two different "n"-doping regions may
have the same or different absolute doping concentra-
tions.
[0045] A transistor device is optimized for switching
applications and typically has a voltage rating indicating
the voltage at which the transistor device may be safely
operated. When the transistor device is off, it is capable
of blocking a certain voltage, such as 100V, 120V or
150V, known as the blocking voltage or BVDSS for a
particular drain source current (IDS). When the transistor
device is on, it has a sufficiently low on-resistance (RON)
for the application in which it is used, i.e., it experiences

sufficiently low conduction loss when a substantial cur-
rent passes through the device.
[0046] Some types of transistor device, such as a
MOSFET, include a cell field comprising a plurality of
substantially identical transistor cells, each having a tran-
sistor structure. The cells are electrically connected to
form a single transistor device for switching. The cell field
provides the active area of the transistor device within
the semiconductor die in which the transistor device is
formed. The transistor device includes an edge termina-
tion region that laterally surrounds the cell field and has
a structure that serves to reduce the peak lateral electric
field between the cell field and the side faces of the tran-
sistor device, i.e. the side faces of the semiconductor die,
to avoid breakdown of the semiconductor device due to
edge effects and to improve the performance of the de-
vice.
[0047] The edge termination region occupies part of
the semiconductor die. Since the edge termination region
does not contribute to the switching operation of the tran-
sistor device, it is desirable that the edge termination re-
gion does not occupy too much space so as to avoid
increasing the lateral size of the die or having to decrease
the size of the cell field and the active area for a given
lateral size of the die.
[0048] The corner region of the transistor device and,
in particular, the transition region between the active cell
field and the edge termination region in the corner region
of the transistor device can suffer from a lower breakdown
voltage. Consequently, it is proposed herein to adopt
measures to further optimise the design of the corner
regions of the transistor device.
[0049] In some embodiments, the laterally outermost
cells of the cell field have a different structure to the re-
mainder of the cells of the cell field in order to avoid break-
down in the corner region. Alternatively, or in addition,
the design of the corner region of the edge termination
region is optimised in order to avoid breakdown in the
corner region.
[0050] Various embodiments are provided herein in
which one or both of the contour of the laterally outermost
elongate trenches of the outermost transistor cell and the
contour of the innermost edge trench of the edge termi-
nation region are formed so as to reduce the likelihood
of breakdown in this region of the transistor device and
to increase the breakdown voltage BVDSS of the tran-
sistor device.
[0051] Figure 1A illustrates a schematic plan view of a
transistor device 10, Figure 1B illustrates an enlarged
view of a corner region of the transistor device 10 of figure
1A and Figure 1C illustrates a cross-sectional view of the
transistor device 10 of figure 1A.
[0052] The transistor device 10 comprises a semicon-
ductor substrate 11 having a first major surface 12, a cell
field 13 providing the active area of the transistor device
10 and an edge termination region 14 which laterally sur-
rounds the cell field 13. Each of the cells of the cell field
has a transistor structure. The cell field 13 comprises a
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plurality of elongate trenches 15 that extend from the
major surface 12 into the semiconductor substrate 11.
The elongate trenches 15 are positioned substantially
parallel to one another such that one or more inner elon-
gate trenches 15’ are arranged between two outermost
elongate trenches 15". The cell field 13 also comprises
a plurality of elongate mesas 16, one elongate mesa 16
being formed between neighbouring ones of the elongate
trenches 15. The elongate trenches 15 and the mesas
16 have a strip-like form that is longer than it is wide.
[0053] The semiconductor substrate 11 may be formed
of monocrystalline silicon or epitaxially deposited silicon
and may also be called a semiconductor die or semicon-
ductor chip. The transistor device may be a Field Effect
transistor device, such as a MOSFET device, whereby
the term MOSFET is not limited to a metal oxide semi-
conductor FET, but also includes metal insulator semi-
conductor FETs. The gate of the transistor device may
be formed of metal or of a highly doped semiconductor.
[0054] As can be seen in the cross-sectional view of
Figure 1C, the elongate mesas 16 comprise a drift region
17, a body region 18 on the drift region 17 and a source
region 19 on the body region 18. The drift region 17 is of
a first conductivity type, for example n-type, and the body
region 18 is of a second conductivity type which opposes
the first conductivity type, for example p-type if the drift
zone is n-type. The source region 19 comprises the first
conductivity type and is more highly doped than the drift
region 17. The transistor device 10 also includes a highly
doped drain region 20 of the first conductivity type at the
rear surface 21 of the semiconductor substrate 11. The
transistor device 10, therefore has a drift path extending
between the front and rear surfaces 12, 21 and can be
referred to as a vertical transistor device.
[0055] The edge termination region 14 comprises at
least one edge trench 22 that extends from the first major
surface 12 into the semiconductor substrate 11. The
edge trench 22 laterally surrounds the cell field 13 and
can be considered to have an annular form. In some em-
bodiments, the edge trench 22 comprises two longitudi-
nal trench portions 23 and two transverse trench portions
24 that extend between the longitudinal trench portions
23 to form a continuous annular edge trench 22. An edge
mesa 25 is formed between the edge trench 22 and the
cell field 13. The edge mesa 25 also has a continuous
annular form.
[0056] In the Cartesian coordinate system, the longi-
tudinal trench portions 23 extend in the y direction and
the transverse trench portions 24 extend in the x direc-
tion. In an alternative view, the longitudinal trench por-
tions 23 extend in the x direction and the transverse
trench portions 24 extend in the y direction. More gener-
ally, the longitudinal and transverse portions 23, 24 may
be considered first and second portions that are arranged
substantially perpendicularly to one another to form an
annular edge trench 22 that continuously and uninter-
ruptedly laterally surrounds the cell field 13.
[0057] In top view, one or both of the outermost elon-

gate trenches 15" has a different contour from the one
or more inner elongate trenches 15’ as can be seen more
easily in the enlarged top view of figure 1B. The contour
of the outermost trenches 15" of the cell field 13 that
contributes to the active switching of the transistor device
10 is adapted to reduce a peak in the electric field in the
transition region between the cell field 13 and the edge
termination region 14. In some embodiments, the contour
of the outermost trenches 15" of the cell field 13 is adapt-
ed to reduce a peak in the electric field in the transition
region between the cell field 13 and the edge termination
region 14 in the corner region of the semiconductor sub-
strate 11. Consequently, the edge termination structure
is not exclusively positioned in the edge termination re-
gion but also in the cell field 13 itself, due to an adapted
design of the outermost trench or trenches 15" of the cell
field 13.
[0058] Each elongate trench 15 has two first or longi-
tudinal sidewalls 26 which are connected by two second
or transverse sidewalls 27 to form a strip-shaped trench
that is longer than it is wide. The first and second side
walls 26, 27 are arranged substantially perpendicularly
to one another. Four corners are formed, each between
a longitudinal side wall 26 and a transverse sidewall 27.
In top view, the contour of the trench 15 is formed by the
shape of the longitudinal and transverse walls 26, 27.
[0059] Referring to figure 1B, the outermost trench
15" has an outer corner 28 which faces towards the edge
termination region 14 and an inner corner 29 which faces
towards an inner elongate trench 15’. In some embodi-
ments, the outer corner 28 has a different contour from
the inner corner 29. The outermost elongate trench 15"
can be considered to have an asymmetrical contour with
respect to a line of symmetry 30 extending along the mid-
line of the length of the trench 15". The contour of the
outermost trench 15" is designed to i.e., reduce a peak
in the electric field in the transition region between the
cell field 13 and the edge termination region 14 in the
corner region of the semiconductor substrate 11.
[0060] Each of the inner elongate trenches 15’ also
has second transverse trench walls 27 extending be-
tween two first longitudinal trench walls 26 so as to form
first and second corners 31, 32 between the opposing
ends of the transverse sidewalls 27 and the longitudinal
walls 26 forming the inner elongate trench 15’. In the
schematic view of figure 1A, the corners 31, 32 of the
inner elongate trenches 15’ are illustrated as having an
angle of approximately 90° with the transverse sidewalls
27 being perpendicular to the longitudinal sidewalls 26.
However, in practice, these corners 31, 32 are typically
slightly rounded due to manufacturing process.
[0061] In some embodiments, the outer corner 28 of
the outermost elongate trench 15" has different contour
from the first and second corners 31, 32 of the one or
more inner elongate trenches 15’ as well has having a
different contour from the inner corner 29.
[0062] In some embodiments, the second outermost
elongate trench 15" at the opposing side of the cell field
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13 has substantially the same arrangement with respect
to the edge trench 22 and inner elongate trenches 15’ so
that its outer corner 28’ that faces towards the edge
trench 22 and in the opposing direction to the outer corner
28 seen in the partial view of figure 1B. The outer corner
28’ has different contour from the inner corner 29 and
from the first and second corners 31, 32 of the one or
more inner elongate trenches 15’.
[0063] The edge trench 22 has an inner side wall 33
and an outer side wall 34 that is spaced apart from the
inner side wall 33 so as to define the width of the edge
trench 22. The inner sidewall 33 is considered to be the
sidewall which is laterally positioned closer to the cell
field 13. An inner trench corner 35 is formed at each in-
tersection between an inner sidewall 33 of the longitudi-
nal trench portion 23 and an inner sidewall 33 of the trans-
verse trench portion 24.
[0064] Figure 2 illustrates a plan view of a transistor
device 10 according to an embodiment, in which the de-
sign of the corner region includes a modification to the
edge trench 22. Referring to Figure 2, the inner trench
corner 35 of the edge trench 22 has a radius of curvature
R which is greater than the width W of the edge mesa 25
measured at a position between the longitudinal trench
portion 23 and the longitudinal sidewall 26 of the outer-
most elongate trench 15". It has been found that by hav-
ing a radius of curvature R of the inner corner 35 of the
edge trench 22 which is greater than the width W of the
edge mesa 25 measured at a position between the lon-
gitudinal trench portion 23 and the longitudinal sidewall
26 of the outermost elongate trench 15" the peak electric
field in the corner region can be reduced.
[0065] Alternatively, or in addition, the inner corner 35
of the edge trench 22 has a radius of curvature R that is
greater than the width wm of the elongate mesa 16 formed
between the outermost elongate trench 15" and the next
adjacent inner trench 15’.
[0066] In some embodiments, the radius of curvature
R of the inner corner 35 of the edge trench 22 is at least
10% greater than the width W of the edge mesa 25. The
difference is therefore greater than the variations in the
critical dimensions resulting from the manufacturing
processes.
[0067] Figure 3 illustrates a plan view of a transistor
device 10 according to an embodiment, in which not only
the radius of curvature R of the inner corner 35 of the
edge trench 22 but also the outer corner 28 of the outer-
most elongate trench 15" is optimised. In some embod-
iments, the radius R1 of the outer corner 28 is optimised.
The edge mesa 25 has a width W1 at a position measured
between the inner corner 35 of the edge trench 22 and
the outer corner 28 of the outermost elongate 15" and a
width W at a position measured between the inner wall
33 of the longitudinal trench portion 23 of the edge trench
22 and the longitudinal wall 26 of the outermost trench
15". The breakdown voltage in the corner region can be
increased by having the widths W1 and W be as similar
and as possible, for example, the difference between the

width W1 and the width W should be less than 10%, or
less than 5%.
[0068] The corner region of the transistor device 10
and, in particular, the region between the inner corner 35
of the annular edge trench 22 and the outer corner 28 of
the outermost elongate trenches 15" of the cell field 13,
as indicated in the perspective view of Figure 5 with an
arrow, has been observed to suffer from a lower break-
down voltage than expected. Various embodiments are
provided herein in which the contour of the outermost
elongate trench 15" and the contour of the edge trench
22 are formed so as to reduce the likelihood of breakdown
in this region of the transistor device and to increase the
breakdown voltage.
[0069] Various embodiments are provided herein in
which the contour of the outermost elongate trench
15" and the contour of the edge trench 22 are formed so
as to reduce the difference between the width W1 and
the width W and to provide an edge mesa 29 which has
a width which is as uniform as possible. This difference
between the side W1 and width W is reduced by selecting
a suitable radius of curvature for one or both of the inner
corner 35 of the edge trench 22 and the outer corner 28
of the outermost elongate trench 15".
[0070] Figure 4 illustrates a top view and Figure 5 a
perspective view of a portion of a transistor device 10 in
which the outermost elongate trench 15" has an outer
corner 28 having a radius of curvature R1 and an inner
corner 29 having a radius of curvature R2. In some em-
bodiments, the radius of curvature R1 is greater than the
radius of curvature R2. In these embodiments, the out-
ermost elongate trench 15" is asymmetric about a line of
symmetry 30 extending along the midline of the length
of the outermost elongate trench 15".
[0071] In some embodiments, in addition, the contour
of the outermost elongate trench 15" differs from the con-
tour of one, some or all of the inner trenches 15’ of the
plurality of trenches 15 in the active switching area pro-
vided by the cell field 13. The outermost trenches 15"
and some or the inner trenches 15’ may not form part of
the switching area. In these embodiments, the corners
31, 32 of the inner elongate trenches 15’ typically have
substantially the same radius of curvature R3. Typically,
the radius of curvature R3 is less than the radius of cur-
vature R1 of the outer corner 28 of the outermost elongate
trench 15".
[0072] In some embodiments, the radius of curvature
R1 of the outer corner 28 of the outermost elongate trench
15" is greater than the radius of curvature R2 of the inner
corner 29 of the outermost elongate trench 15" and radius
of curvature R2 is greater than the radius of curvature
R3 of the corners 31, 32 of the inner elongate trenches
15’.
[0073] Typically, the side walls of the edge trench 22
as well as the side walls of the elongate trenches 15 do
not extends exactly perpendicularly to the first surface
12 into the semiconductor substrate 1. Due to the etching
process used to form the edge trench 22 and elongate
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trenches 25, the edge trench 22 and elongate trenches
25 commonly have a slightly tapered form such that the
width of the edge trench 22 and elongate trenches 15 is
greater when measured at a position at the first major
surface 12 than at the base of the respective trench.
[0074] The edge trench 22 has a depth dT as indicated
in the cross-sectional view of figure 1C. The radius of
curvature R of the inner trench corner 35 of the edge
trench 22 is greater than the width W of the edge mesa
at least one position within the depth dT of the trench.
[0075] In some embodiments, the position within the
depth dT of the edge trench 22 in which the radius of
curvature of the inner trench corner 35 of the edge trench
22 is greater than the width W of the edge mesa 25 is
measured at a position of half of the depth of the edge
trench, that is dT/2. In some embodiments, the radius of
curvature R of the inner trench corner 36 of the edge
trench 22 is greater than the width W of the edge mesa
25 over the entire depth dT of the edge trench 22.
[0076] Figure 6 illustrates a graph of breakdown volt-
age (BV) calculated for different radii of curvature R of
the inner corner 35 of the edge trench 22 for a particular
transistor device. It can be seen that the breakdown volt-
age increases as the radius of curvature R is increased
and that there is a maximum in the curve for a radius of
curvature R of around 0.9 mm to 2 mm, for this design of
transistor device. As examples, the radius of curvature
R of the inner trench corner 35 of the edge trench 22 is
at least 1 mm. The width W of the edge mesa 25 may lie
within the range of 0.1 mm to 2 mm, or 0.2 mm to 2 mm,
and each of the elongate trenches 15 and the elongate
mesas 16 has a width that lies in the range of 0.1 mm to
2 mm, or 0.2 mm to 2 mm.
[0077] Figure 7 illustrates a schematic top view of a
portion of a semiconductor device 10 prime according to
a further embodiment. The transistor device 10’ compris-
es two or more cell fields 13 each of which is laterally
surrounded by an edge trench 22. Each cell field 13 com-
prises a plurality of elongate trenches 15 with two outer-
most elongate trenches 15" being positioned on oppos-
ing sides of one or more inner elongate trenches 15’. The
plurality of trenches 15 and associated mesas 16 forms
a cell field 13 that is laterally surrounded by an edge
trench 22.
[0078] Since each cell field 13 is laterally surrounded
by an edge trench 22, two portions, e.g. transverse por-
tions 24, of two edge trenches 22 are positioned between
two cell fields 13. The edge termination region 14 may
include one or more further edge trenches 37 which also
have a generally annular form and which laterally sur-
round and enclose all of the two or more cell fields 13
and the outer portions of the edge trenches 22 of each
cell field 13. The outermost elongate trenches 15" of each
cell field 13 may have a contour which differs from the
inner elongate trenches 15’ for example, and/or the inner
corner 35 of the edge trench 22 of each cell field 13 may
have a contour or radius according to any one of the
embodiments described herein.

[0079] The various arrangements of the edge trench
22, edge mesa 25 and elongate trenches 15 may be used
for transistor devices having various transistor struc-
tures.
[0080] In some embodiments, such as that illustrated
in figure 1C, the plurality of elongate trenches 15 of the
cell field 13 that provides the active portion of the tran-
sistor device 10 include an electrically conductive field
plate 38 positioned in each elongate trench 15 which is
electrically insulated from the semiconductor substrate
11 by dielectric material 39 which lines the sidewalls 26,
27 and base 40 of the elongate trenches 15. The edge
trench 22 may also include an electrically conductive field
plate 41 which may have a continuous annular shape in
plan view. The edge field plate 41 is also electrically in-
sulated from the semiconductor substrate 11 by a die-
lectric layer 42 which lines the sidewalls 33, 34 and base
43 of the edge trench 22. The edge field plate 41 may
extend to the front surface 12 of the semiconductor sub-
strate 11 and be electrically coupled to source potential,
for example by a metallisation layer 44 positioned on the
front surface 12 which extends from the edge field plate
41 to the n+-doped source regions 19.
[0081] In some embodiments, the transistor device 10
has a gate trench structure in which the gate electrode
45 is positioned in the elongate trenches 15 in the cell
field 13 which form part of the switching area of the tran-
sistor device 10. In some embodiments, the gate elec-
trode 45 is positioned in each of the elongate trenches
15. In some embodiments, the gate electrode 45 is omit-
ted from some of the elongate trenches 15 so that these
elongate trenches include only a field plate or a field plate
and some other structure on top of the field plate.
[0082] Referring to figure 1C, in some embodiments,
the gate electrode 45 is positioned in the elongate trench-
es 15 above the field plate 38 in the elongate trenches
15. The gate electrode is electrically insulated from the
field plate 38 by an intervening dielectric layer 46 and is
electrically insulated from the semiconductor substrate
11 by a dielectric layer 47 which lines the sidewalls 26,
27 of the elongate trenches 15 in the upper portion. The
dielectric layer 47 is typically thinner than the dielectric
layer 39 insulating the field plate 38 from the semicon-
ductor substrate 11 and forms the gate oxide of the MOS-
FET structure.
[0083] In other embodiments, such as that illustrated
in figure 8A, the transistor device 10 has a planar gate
structure in which each of the elongate trenches 15 in-
cludes a field plate 38 which extends to or nearly to the
front surface 12 of the semiconductor substrate 11. The
gate electrode 45 is positioned on the front surface 12 of
the semiconductor substrate 11 on the mesas 16. In
these embodiments, the body region 18 and source re-
gion 19 have the form of wells positioned on each side
of the elongate trenches 15.
[0084] In some embodiments, such as that illustrated
in figure 8B, the gate electrode 45 is positioned in a further
gate trench 48 that is separate from the elongate trenches
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15. The gate trench 48 which is positioned in the mesa
16 between two elongate trenches 15 which comprise a
field plate 38. The gate trench 48 has an elongate form
such that it extends substantially parallel to the elongate
trenches 15. The gate trench 48 has a depth which is
less than the depth of the elongate trenches 15. The gate
trench 48 is lined with dielectric material 49 on its side
walls 50, which forms the gate oxide of the MOSFET,
and on its base 51.
[0085] In some embodiments, the gate electrode 45 is
positioned in two or more elongate trenches 15 and has
a racetrack design.
[0086] Spatially relative terms such as "under", "be-
low", "lower", "over", "upper" and the like are used for
ease of description to explain the positioning of one ele-
ment relative to a second element. These terms are in-
tended to encompass different orientations of the device
in addition to different orientations than those depicted
in the figures. Further, terms such as "first", "second",
and the like, are also used to describe various elements,
regions, sections, etc. and are also not intended to be
limiting. Like terms refer to like elements throughout the
description.
[0087] As used herein, the terms "having", "contain-
ing", "including", "comprising" and the like are open end-
ed terms that indicate the presence of stated elements
or features, but do not preclude additional elements or
features. The articles "a", "an" and "the" are intended to
include the plural as well as the singular, unless the con-
text clearly indicates otherwise. It is to be understood that
the features of the various embodiments described here-
in may be combined with each other, unless specifically
noted otherwise.
[0088] Although specific embodiments have been il-
lustrated and described herein, it will be appreciated by
those of ordinary skill in the art that a variety of alternate
and/or equivalent implementations may be substituted
for the specific embodiments shown and described with-
out departing from the scope of the present invention.
This application is intended to cover any adaptations or
variations of the specific embodiments discussed herein.
Therefore, it is intended that this invention be limited only
by the claims and the equivalents thereof.

Claims

1. A transistor device (10), comprising:

a semiconductor substrate (11) having a first
major surface (12), a cell field (13) and an edge
termination region (14) laterally surrounding the
cell field (13), wherein the cell field (13) compris-
es:

a plurality of elongate trenches (15) that ex-
tend from the first major surface (12) into
the semiconductor substrate (11) and that

are positioned substantially parallel to one
another such that one or more inner elon-
gate trenches (15’) are arranged between
two outermost elongate trenches (15"),
elongate mesas (16), each elongate mesa
(16) being formed between neighbouring
elongate trenches (15), wherein the elon-
gate mesas comprise a drift region (17), a
body region (18) on the drift region (17) and
a source region (19) on the body region (18),
wherein in top view one or both of the out-
ermost elongate trenches (15") has a differ-
ent contour from the one or more inner elon-
gate trenches (15’).

2. A transistor device (10) according to claim 1,
wherein the edge termination region (14) comprises
an edge trench (22) that extends from the first major
surface (12) into the semiconductor substrate (11)
and that laterally surrounds the cell field (13), where-
in the edge trench (22) comprises longitudinal trench
portions (23) and transverse trench portions (24) that
extend between the longitudinal trench portions (23)
such that an inner trench corner (35) is formed at
each intersection between an inner side wall (33) of
the longitudinal trench portion (23) and an inner side
wall (33) of the transverse trench portion (24), where-
in an edge mesa (25) is formed between the edge
trench (22) and the cell field (13),
wherein the inner trench corner (35) of the edge
trench (22) has a radius of curvature R that is greater
than the width W of the edge mesa (25) measured
between the longitudinal trench portion (23) and a
longitudinal side wall (26) of the outermost elongate
trench (15") and/or wherein the inner trench corner
(35) of the edge trench (22) has a radius of curvature
R that is greater than the width wm of the elongate
mesa (16).

3. A transistor device (10), comprising:

a semiconductor substrate (11) having a first
major surface (12), a cell field (13) and an edge
termination region (14) laterally surrounding the
cell field (13), wherein the cell field (13) compris-
es:

a plurality of elongate trenches (15) that ex-
tend from the first major surface (12) into
the semiconductor substrate (11) and that
are positioned substantially parallel to one
another such that one or more inner elon-
gate trenches (15’) are arranged between
two outermost elongate trenches (15");
elongate mesas (16), each elongate mesa
(16) being formed between neighbouring
elongate trenches (15), wherein the elon-
gate mesas (16) comprise a drift region (17),
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a body region (18) on the drift region (17)
and a source region (19) on the body region
(18);

wherein the edge termination region (14) comprises
a edge trench (22) that extends from the first major
surface (12) into the semiconductor substrate (11)
and that laterally surrounds the cell field (13), where-
in the edge trench comprises (22) longitudinal trench
portions (23) and transverse trench portions (24) that
extend between the longitudinal trench portions (23)
such that an inner trench corner (35) is formed at
each intersection between an inner side wall (33) of
the longitudinal trench portion (23) and an inner side
wall (33) of the transverse trench portion (24), where-
in the inner trench corner (35) of the edge trench (22)
has a radius of curvature R and wherein an edge
mesa (25) is formed between the edge trench (22)
and the cell field (13),
wherein one or both of the outermost elongate
trenches (15") has an outer corner (28) facing to-
wards the edge termination region (14) and an inner
corner (29) facing towards an inner elongate trench
(15’),
wherein a difference between a width W1 of the edge
mesa (16) measured between the inner corner (35)
of the edge trench (22) and the outer corner (28) of
the outermost elongate trench (15") and a width W
of the edge mesa (25) measured between the lon-
gitudinal trench portion (23) and a longitudinal side
wall (26) of the outermost elongate trench is less
than 10%.

4. A transistor device (10) according to any one of
claims 1 to 3, wherein the outermost elongate trench
(15") has an outer corner (28) facing towards the
edge termination region (14) and an inner corner (29)
facing towards an inner elongate trench (15’), where-
in the outer corner (28) and the inner corner (29)
have a differing radius of curvature.

5. A transistor device (10) according to claim 4,
wherein the outer corner (28) has a radius of curva-
ture R1 that is greater than a radius of curvature R2
of the inner corner (29) .

6. A transistor device (10) according to any one of
claims 1 to 5, wherein in plan view the corners (31,
32) of the inner elongate trenches (15’) have sub-
stantially the same radius of curvature, R3.

7. A transistor device (10) according to claim 6,
wherein R1 > R3.

8. A transistor device (10) according to claim 6 or
claim 7, wherein R1 > R2 > R3.

8. A transistor device (10) according to one of claims

2 to 7, wherein the radius of curvature R of the inner
trench corner (35) of the edge trench (22) is at least
1 mm.

9. A transistor device (10) according to one of claims
2 to 8,
wherein the width W of the edge mesa (25) lies in
the range of 0.1 mm and 2 mm and/or
wherein the elongate trenches (15) and the elongate
mesas (16) have a width that lies in the range of 0.1
mm and 2 mm.

10. A transistor device (10) according to any one of
claims 1 to 9, further comprising a further active cell
field (13) arranged laterally adjacent the cell field (13)
in the semiconductor substrate (11), the further ac-
tive cell field (13) being surrounded by a further edge
trench (22) and a further edge mesa (25).

11. A transistor device (10) according to any one of
claims 1 to 10, further comprising a field plate (38)
positioned in each elongate trench (15).

12. A transistor device (10) according to claim 11,
further comprising elongate gate trenches (48) that
extend parallel to the elongate trenches (15) and
comprising a gate electrode (45), or a planar gate
electrode (45) positioned on one or more of the elon-
gate mesas (16).

13. A transistor device (10) according to any one of
claims 1 to 10, further comprising a gate electrode
(45) positioned in each elongate trench (15), or a
gate electrode (45) positioned in two or more of the
elongate gate trenches (15) .

14. A transistor device (10) according to any one of
claims 1 to 11, further comprising a gate electrode
(45) arranged above and electrically insulated from
the field plate (38) .

15. A transistor device (10) according to claim 3,
wherein in top view one or both of the outermost
elongate trenches (15’’) has a different contour from
the inner elongate trenches (15’).
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